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Abstract 
Increasing awareness of environmental issues coupled with escalating prices of petroleum product has led to the development of 
greener electric vehicle in the last few decades. One of the most promising alternatives to reduce CO2 emission and dependency 
on petroleum product in transportation market is the plug-in hybrid electric vehicle (PHEV). The battery of PHEV can be 
charged at home or other commercial locations through standard electrical power outlets. In Malaysia, scenario of charging 
PHEVs in house is still new. In this paper, we studied the impact of introducing large amount of charging activities in existing 
residential area such as overloading of load demand, undue stress line capacity and violation of voltage drop limits. The research 
used geographic information system (GIS) simulation software as a tool to investigate the impact of different penetration level of 
PHEV to the grid in selected residential networks in Malaysia. Later, two strategies have been applied to overcome the negative 
impact of PHEV charging to the distribution network. 
© 2013 The Authors. Published by Elsevier B.V. 
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1. Introduction  
More than half of the fuel consumption in the world was allocated to the transportation sector, in which most of it 
was used by road vehicles. Concern about this situation, countries like US, Western Europe, Japan and China 
became the countries that have started to adopt the electric transportation. These vehicles are becoming more popular 
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and can decrease the dependency to fuel, reduce the harmful environmental emissions and the soaring oil price and 
can become as alternative source [1], [2]. Many automotive companies will expand their product to the PHEV 
market over the next few years on developing Plug-in Electric Vehicles (PEVs), including Electric Vehicles (EVs) 
and Plug-in Hybrid Electric Vehicles (PHEVs) [3]. In Malaysia, Proton has done their fleet test cars which were 
Proton Saga Electric Vehicle (EV) and Proton Exora Range Extender Electric Vehicle (REEV). Initially hybrid car 
was introduced into the Malaysia market, and soon the full PHEV might be introduced to Malaysian.  
The sudden increase in the number of PHEV users is causing concern to utility due to negative impact to the 
power grid such as reliability and capacity. It is very important to study the impact of charging the PHEV such as 
voltage profile, power losses, peak demand and transformer loading. A large number of PHEV introduced onto the 
grid could cause constraint on the electrical network depending on time and place when they are added. The impact 
of PHEV charging on a distribution network in a smart grid environment involving two different charging levels and 
charging times was investigated earlier [4]. In order to overcome the economic implication on demand factor, load 
factor and utilization factor, the authors [4] suggested that demand response (DR), distributed generation (DG) and 
distributed energy storage (DES) which is currently only applied to the commercial and industrial sectors also be 
applied to the residential sector. Charging strategy also gave significant affects to the electric consumption of the 
transportation sector. Charging at the peak time during the day require extra demand on the electric consumptions 
[5]. The different PHEV charging strategies will create new load peaks seen by a transformer [6]. It will give a slight 
decrease in operating efficiency of distribution transformers and overloaded to the transformers. 
This paper presented the result on the impact of charging the PHEV onto the grid such as power losses, voltage 
drop and transformer loading in selected residential areas using Xpower geographic information system (GIS) 
software. Xpower software is GIS software with dedicated toolbox that can carry out network calculation, planning 
and maintenance which are crucial at different phases of network lifecycle. The objective of this paper is to 
investigate the effectiveness of network management strategy based on additional charging time and network 
capacity in facing the challenges introduced by PHEV penetration in the market. 
2. Data and Assumptions 
2.1. Vehicle Model and Battery Specifications 
Nowadays, only hybrid electric vehicle are available in Malaysia, for example the Toyota Prius and Honda 
Insight. It is expected that Toyota Prius Plug-in Hybrid will be introduced to Malaysia market soon. So, this car 
model is chosen for simulation. Plug-in Hybrid Electrical Vehicle (PHEV) is similar to conventional hybrids, but 
they have a larger battery that can be charged by plugging into an electric outlet [7]. This car have both internal 
combustion engine and an electric motor enabling long driving distance, relatively low fuel consumption and low 
CO2 emission. It can be drive using two modes which are electric mode (EV) and hybrid mode (HV). Prius plug-in 
hybrid use lithium ion battery and have 56 battery cells built in it. The battery capacity is 21.5 Ah and power outputs 
are 38kW for EV and 27kW for HV modes. Two levels of voltages can be used to charge this car at home; 3hours 
duration if using 120V power outlet and 1.5hours using 240V power outlet [8]. However, for this case, the charging 
using 230V outlet will be used, which is a standard voltage in Malaysia.  
2.2. Model Representation and Hourly Load Profile 
A selected residential area in Malaysia was chosen for the investigation of PHEV charging activities impact to 
the grid. This residential area consists of 100 semi-detached double storey houses. It is supplied from four step-
down 11/0.4kV transformers and connected to 16 feeder pillar. Table 1 show the summary of connection points of 
the residential network. Fig. 1 shows the topology of the distribution network for the residential area. The normal 
load profile at the respective load point is based on the hourly times as shown in Fig. 2(a) and Fig. 2(b). Both load 
profiles are the same, except that the former is in percentage and the latter is in kW value. The kW value is obtained 
by scaling the normal load profile with the percentage value for a given load point [1] [9]. Since the impact of 
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mobile load occurred mostly during weekdays, therefore weekend load is omitted from this paper. The topology of 
this network is the connection of line from the main distribution transformers to the feeder pillars and from 
connection of lines from feeder pillars to customer points. The calculation of the load is based on peak load with the 
radial network calculation mode for a typical load model in Petaling Jaya, Selangor.   
 
 
 
Fig 1. The topology of the distribution network for the residential area. 
 
(a)  b)  
Fig. 2. Load profile in term of percentage (a) and in term of load (kW) (b). 
 
       Table 1: Summary of the consumption points connected to feeder pillars and transformers. 
 
Transformer 1 Transformer 2 Transformer 3 Transformer 4 
Feeder 
Pillar 
Number 
No. of 
Consumption 
Points 
Feeder 
Pillar 
Number 
No. of 
Consumption 
Points 
Feeder 
Pillar 
Number 
No. of 
Consumption 
Points 
Feeder 
Pillar 
Number 
No. of 
Consumption 
Points 
1 5 5 5 9 8 13 6 
2 5 6 5 10 5 14 6 
3 5 7 8 11 8 15 8 
4 5 8 8 12 5 16 8 
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3. PHEVs charging case scenarios 
3.1. Uncontrolled Charging System 
There are three penetration levels in this base charging system; no penetration is no charging call as Case 1 (no 
PHEVs charging activities was involved), medium penetration is 50% call as Case 2 (only 50% of the customer 
points involved with PHEVs charging activities) and high penetration is 100% call as Case 3 (100% of the customer 
points involved with PHEVs charging activities) of the connection in a given sub-system. The charging times were 
chosen based on Malaysian weekday routine life as they back from work usually after 5.00pm. Therefore, the 
charging times start at 6.00pm and 9.00pm.  
 
 
a)  
 
b)  
 
c)  
 
Fig. 3.  (a) Power graph, (b) Voltage drop (c) Power Losses comparison of three different penetrations for two charging 
times.[Case 1:No PHEV Charging, Case 2: 50% PHEV Charging and Case 3:100% PHEV Charging] 
 
The transformer loading refer to the power (kVA) at the transformer for the selected cases. Fig. 3(a) show the 
load curves for load power for the uncontrolled charging system. The load curves show that there are spikes at the 
time where the charging activities occurs which are at 6.00pm and 9.00pm. Particularly, these curves show that 
increasing number of charging cars increased the load demand for each transformer. Although the maximum 
charging cars (100%) added onto grid, the load demand is still under the transformer kVA rating that is the size of 
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transformers is suitable for the PHEVs charging activities occur in this residential area. Fig. 3(b) shows the voltage 
drop percentage for the low voltage nodes for different cases of charging scenario. The percentage of voltage drop 
can be grouped as nominal, more than 2.5% (desirable) and more than 5% (limit violation). For this scenario, Case 3 
has the highest number of lines experience voltage drop more than 5%. However, Case 1 and case 2 did not show 
any undesirable effect to the low voltage line. Obviously, the reason is because of increasing PHEVs charging 
activities in this area. Similarly to the power losses result as shown in Fig. 3(c), Case 3 also have the highest number 
of low voltage lines that have the highest value of power losses. Observing power losses in lines can give best 
operation of power network.  
3.2.  Strategy 1: additional charging time 
In this case, another two slots of charging time was added. There were on 3.00pm and 12.00pm. This strategy 
was chosen because the load demand can be reduce by dividing more charging times. Fig. 4(a) shows that the load 
demand for all four transformers was reduced compared to only two charging times in Fig. 3(a). Also, the load 
demand is still under the transformer kVA rating. The comparison for voltage drop and power losses for strategy 
with two times charging slot and with four times charging slots can be shown in Fig. 4(b) and Fig. 4(c). As can be 
seen, the percentage of voltage drop for each line according to level penetration was reduced. Besides, the voltage 
drop with value more than 5% does not occur in this four time charging strategy. This situation can be said as under 
control. The voltage drop of more than 2.5% and less than 5% can be neglected because it is considered below 
voltage limit violation. On the hand, the power losses do not show any changes for this strategy hence it is shows 
that power losses are not dependent on the PHEV charging time.  
 
a)  
 
b)  
 
364   Nurliyana Baharin and Tuan Ab Rashid Tuan Abdullah /  Procedia Technology  11 ( 2013 )  359 – 365 
c)  
Fig. 4. (a) Power graph, (b) Voltage drop (c) Power Losses comparison of three different penetrations for four charging time’s 
strategy with two charging time strategy.[Case 1:No PHEV Charging, Case 2: 50% PHEV Charging and Case 3:100% PHEV 
Charging] 
3.3. Strategy 2: cable resizing 
Ultimately, cable resizing also can be done to overcome the voltage drop and power losses problem. The size of 
cable was upgraded to the double size of the existing cable size [6]. This strategy can help to overcome the two 
times charging strategy will use that two charging time; 6.00pm and 9.00pm so that clear comparison can be made 
to see whether this strategy is acceptable or not. Fig. 5(a) show the power demand for all four transformers. There is 
no difference with the two charging times in power demand because it is not depend on the size of cable. However, 
this still can be acceptable because the power demand is still under transformer rating. Consequently, this strategy 
can overcome the voltage drop and power losses problem as shown in Fig. 5(b) and Fig. 5(c). As the number of 
charging PHEVs increase, number of low voltage lines that experienced voltage drop more than 2.5% and 5% was 
decreased and same goes to the power losses where the number of lines that have power losses more than 0.2kW 
was reduced by applying this cable resizing strategy. This is shows that by involving maximum PHEV charging 
activities, the voltage drop and power losses can be controlled and managed.  
 
a)  
 
b)  
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c)  
Fig. 5. (a) Power graph, (b) Voltage drop (c) Power Losses comparison of three different penetrations for cable resizing strategy 
with two charging time strategy. [Case 1: No PHEV Charging, Case 2: 50% PHEV Charging and Case 3:100% PHEV Charging] 
4. Conclusion and recommendation 
In conclusion, the existing transformers in this residential is adequate to supply the additional load due to the 
maximum number of electrical car. The excessive voltage drop and power losses in the low voltage lines can be 
overcame by upgrading cable size. Alternatively, the voltage drop problem can be managed by rebalanced the 
charging time slot. The latter does not require network capacity upgrading but may cause inconvenience to electric 
vehicle users due to constraint charging time slots. The power losses in the case of additional charging time slot do 
not show any significance change, however in the case of cable size upgrading they was a significance improvement 
in the power losses. For future work, cost factor can be considered so that we can decide which strategy will be the 
lower cost and economic, thus offer the best benefits to the customers and the utility company. 
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